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At the present time the cermet heating elements ( CHEs) are widespread. They are 
used in various devices and apparatuses including thermostating systems of tight modules 
of spacecrafts. 
CHE (Fig. 1) has the form of a plate 1 in which resistive element 2 is placed in the 
form of tracks. The resistive element is a wolfram-molybdenum conductor. The electric 
leads are attached to lands 3 on a CHE surface. The plate can be divided into zones in 
which the resistive element is placed uniformly because of technological peculiarities. 
That is the width of tracks and distance between them are invariable within each zone. 
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Fig. 1. Cermet heating element (sectional view). 
Such a structure of the CHE possesses the number of valuable properties 
(possibility to work in aggressive media and with high temperature, satisfaction to 
ecological standards and conditions of electric safety). However, one of the essential 
lacks is the destruction of ceramic plate at relatively small temperature gradients 
(grad1)PERM which cause the appearance of thermal stress. The value of electric current 
has essential influence on reliable operation of the CHE too. Exceeding the permissible 
value of current /PERM can cause the burning of the resistive track (the wider the track the 
grater the value /PERM)· There is also a limitation on the temperature of heater. Exceeding 
the temperature of a heater over a permissible value /PERM causes the destruction of 
assemblies of heating device. CHEs used in spacecraft devices should be high reliable and 
durable. As the failure of a CHE results in breakdown of thermostating system and all 
spacecraft module. 
1. Simulation of thermal processes taking place in a CHE. 
It is impossible to determine the values of critical thermal stresses and critical 
temperature gradients with necessary accuracy by direct measuring because of the 
number of technical and technological difficulties. It is possible to determine only 
temperature at CHE surfaces and electrical performance by direct measuring. That is why 
the simulation and the identification of thermal processes taking place in a CHE play an 
important role in the providing of thermal regimes of the spacecraft devices. 
The carried out investigations [1] show that it is possible to use 2-D heat 
conduction equation to describe the thermal process taking place in a CHE. In that case 
the specific power of internal heat output can be considered as uniformly distributed one 
in each zone of regular arrangement of resistive tracks in a CHE body. So, the thermal 
process taking place in a CHE is described by following equations. 
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where c - specific thermal capacity of a CHE, d - a density of a CHE, T(x, y) - a 
temperature of a CHE; 8 - a thickness of ceramic plate, h1 and h2 - heat transfer 
coefficients at surfaces z = 0 and z = 8 correspondingly, T1 and T2 - temperatures of 
surroundings near this surfaces, q s - surface specific power of internal heat output, ED-
an edge of ceramic plate, n - a normal for the edge, kx - heat conductivity in x-direction, 
h - heat transfer coefficient at the edge. 
A dependence of specific power of internal heat output on temperature is 
determined by linear dependence of specific electric resistance of resistive element. 
p = p0(1 + a(T- T0)). (2) 
To determine main thermal and electric performances of a CHE such as 
temperature, temperature gradient, power, electric current, resistance it is suggested the 
procedure based on the difference method [2] of decision of heat conduction equation. In 
the steady case it consists of the following. Above all some initial approximation of 
temperature field is chosen. At each kth iteration the problem ( 1) is solved by the 
difference method. In this case the value of variable q s in each grid cell is determined by 
formulas 
(k 1) l . M U 2 pj R1=p(Tj - )-1-, R=~Rj, l=-R, P1=! Rj, qs1=-v.8, (3) 
aJ J=l J 
where R1 - resistance of resistive element in a cell, r/-JJ - temperature of a cell at (k-1 )th 
iteration, 11 and cr1 - length and area of section of conductor in a cell,R - total resistance 
of resistive element, M - the number of cells of grid, I - electric current, U - electric 
voltage, P1 - output power in a cell, ~-volume of a cell. 
In transient case such iterations carried out at each time step. 
The procedure of determining the intensity of heat exchange at CHE surfaces using 
the information about temperature measures during thermocycle tests of heaters is 
designed too. This procedure is based on the iterative usage of the method of spectrum 
functions. 
2. The CHE operation area in the space of regime parameters. 
If we consider the real CHE its temperature gradients, temperature field and the 
value of electric current will depend on regime parameters (voltage U and conditions of 
heat remove from the surface of heater h and T1). That is why the operation area of a CHE 
is described by three inequalities 
gradT= <p 1(U, h, T1) ~ (grad7)PERM, (4) 
I= cpiU, h, T1) ~I PERM' (5) 
T= <p3(U, h, T1) ~ T PERM. (6) 
Determination of boundaries of CHE operation area in the space of regime 
parameters allows to reduce experimental-calculated researches of such characteristics as 
strength and durability, to reduce the number of regime tests and in such a way to 
decrease the cost of research work. 
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Fig. 2. Nomogram of CHE operation area. 
To show this area we can represent it by means of nomogram in the plane (U,h). 
When the nomogram of operation area is being built it is possible to use the procedure of 
determining thermal and electric parameters described in the section 1. Such a nomogram 
we can use as certificate data of unified CHEs at different stages of designing heat 
devices. Using the nomogram we can determine permissible regime parameters for the 
CHE and permissible deviations of regime parameters from nominal ones. The sample of 
such a nomogram for heating element with dimensions 105x20x2 mm and uniform 
arrangement of resistive element is demonstrated on the Fig. 2. 
3. The designing of CHE. 
If the problems of thermal reliability of a CHE are considered at the stages of its 
designing the problem of designing will be able to formulated in such a way. Knowing the 
dimensions of heating elements, voltage and conditions of heat exchange on its surfaces it 
is necessary to determine such parameters of arrangement of resistive element which 
minimize the of deflection 9t of calculated temperature T of CHE from required oner*. 
* To avoid high temperature gradients it is necessary to set T =const. This value is 
obviously known from conditions of problem or is determined from the equation of 
thermal balance in case when the total output power of CHE is known. The latest is more 
. * 
often and in this case it is necessary to determine such distribution ofI' that satisfies the 
restrictions ( 4) and ( 6). 
A procedure of designing the CHE consists of four stages. 
At the first stage the distribution of specific power of internal heat sources is 
determined. For it the plate of CHE is divided intoN1 regions of uniform arrangement of 
resistive element. In each region thermal property and specific power of heat sources are 
considered as constants. The specific power of heat sources in each region is determined 
by solving enterior inverse heat conduction problem [3]. At the end of the first stage the 
condition of agreement of calculated temperature with the required one is checked: 
* 9t(T, T) s ~TPERM' (7) 
when ~TPERM - permissible deviation of calculated temperature from required one. 
If condition (7) is not being satisfied the plate of CHE will be divided intoN2 (N2 > N 1) regions and solving inverse heat transfer problem and checking the condition 
(7) are reviewed. The first stage is reviewed untill the condition (7) will not being 
satisfied. If the increase of the region number is not possible because of technological 
restriction the designing procedure will stop and the conclusion about unpossibility of 
designing the heater will be made. 
At the second stage for each region the dimensions and shape of the resistive 
element are determined in such a way that its resistance corresponds to the heat source 
specific power found at the first stage. As in each region the heat source specific power is 
a constant so the resistive element is located regularly in the each region. If resistive 
element cannot be located at one level it will be placed at several levels along heater 
thickness. Maximum number of levels is defined by a minimum distance between levels 
and heater thickness. This problem is solved by the method of discrete optimization [ 4] as 
the number of allowed width of a track and distance between tracks is finite because of 
technological restrictions. 
After location of the resistance elements the condition (7) is checked for 
temperature which is determined from the heat conduction problem solved for the heat 
source specific power corresponding to the found resistive element. If this condition is not 
satisfied it will be necessary to increase either the level number or the number of the 
regions thus returning to the first stage. If it is possible to increase neither level number 
nor number of regions the designing procedure will stop and the conclusion about 
unpossibility of designing the heater will be made. 
The third stage consists of determining the places of resistive element levels to 
minimize perpendicular to CHE plate component of temperature gradient. 
The fourth stage consists of the simulating the various situations associated with an 
inexactitude of a technical realization of the designed CHE. For this purpose the 
deflection of the electrical and geometrical characteristics is set and its influence to the 
heater temperature distribution is determined. 
So the designing procedure includes the determination of parameters of thermal 
regime and the choice of arrangement of resistive element according to the technological 
restrictions to reach required temperature field. 
In case of lucky finished procedure of designing the CHE the experimental' series of 
CHEs is produced. These CHEs are used in experiments with models or prototypes of 
designing device. During these experiments it is possible to specify the conditions of heat 
exchange on CHE surfaces and if it is necessary to review the designing procedure. 
Conclusion 
The simulation of thermal processes taking place in CHEs, their designing from the 
conditions of thermal reliability, planing the tests with the help of a nomogram of 
operation area and experiments with specimens of CHEs are components of complex 
approach to elaboration heating devices that include CHEs. 
Above mentioned procedures are realized as software for personal computer. 
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